Why have there been no further cures of HIV by hematopoietic cell transplantation?
Since the hematopoietic cell transplant performed by Dr. Hütter cured HIV, the question arises as to why has this procedure not been repeated over and over and over again? a. Low incidence of CCR5-/-individuals and need for a very close HLA matched unit when adult donors are used. There are numerous reasons for the lack of repetition of the cure of HIV that was obtained by hematopoietic cell transplantation. The frequency of CCR5-/-donors is <1% in Caucasians and much less in other ethnic groups. Patients who need a transplant usually have only a small number of available HLA-matched adult donors. Dr. Hütter's patient was very unusual in that he had 80 potential HLA-identical stem-cell donors, 62 of whom were tested and one was found to be CCR5-/-. Indeed, investigators have tried to find CCR5-/-units from among available adult donors for transplantation of HIV-infected patients, but without success.
b. The need for very close HLA match when adult donors are used as source of stem cells for hematopoietic cell transplantation rather than cord blood stem cells. It is quite difficult to find a CCR5-/-adult donor who is HLA matched with a patient since a very close HLA match between the donor cells and the patient is required to prevent serious adverse effects of the transplant. In marked contrast to adult donors, cord blood units require significantly less stringent HLA matching (2) , and therefore an inventory of CCR5-/-cord blood units, when compared to an inventory of adult units, will provide a greatly improved probability of finding an adequately HLA-matched CCR5-/-donor for a patient who has HIV infection.
c. Lack of confidence in cord blood transplantation. There are several reasons that cure of HIV using cord blood hematopoietic cell transplantation has not yet been accomplished. One of these is a misguided lack of confidence in the effectiveness of cord blood transplantation. Indeed, a recently completed clinical trial regarding transplantation of HIV infected patients included the following statement in the experimental protocol: "Allogeneic transplantation using cord blood unit(s) as a hematopoietic stem cell source is prohibited under this protocol" (3). However, more than 35,000 cord blood transplants have been performed and there is extensive data indicating the adequacy of cord blood transplantation compared to matched unrelated donors and even sibling donors (2, 4) . Further, the incidence of chronic graft-versus-host disease (a major concern following hematopoietic cell transplantation) is significantly reduced in cord blood transplantation as compared to transplants using adult donors (2).
Two aspects of cord blood transplants that have been of concern are the difficulty of finding cord blood units with an adequate cell dose and the lengthy time to engraftment. These concerns are resolved by the use of combined haploidentical and cord blood (haplo/cord) transplantation (5) . Using this procedure, the minimum cell dose of the cord blood unit is very reasonable at 1 x 10(7) TNC/kg and the median time to engraftment is only 11 days. The "winning unit" in haplo/cord transplants is almost always the cord blood and the haploidentical unit gradually disappears.
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Science Publishing Group Copyright 2019 www.spg.ltd 3 d. The expense of hematopoietic cell transplantation. Hematopoietic cell transplants are considered by some to be too expensive to be used as a technique to treat HIV patients. However, one must realize that the lifetime costs of persons who become infected with HIV at age 35 has been estimated to be $326,500. Of the total cost. 60% is for antiretroviral medications, 15% for chronic disease medications, and 25% for non-medication costs (6) . Also, from fiscal year 1981 through 2004, the US government invested over $150 billion in combating the HIV/AIDS epidemic but no cures of HIV have resulted from such extraordinary expenditures. Moreover, the costs to society of an HIV infection extend well beyond the medical domain, including social service, housing, patient time, lost productivity and emotional distress to patients and their families.
e. Complications of hematopoietic cell transplantation.
Another commonly held opinion is that the morbidity and mortality rates associated with hematopoietic cell transplantation are too high to make the procedure useful for treatment of HIV-infected patients. Such opinions are largely derived from transplantation using stem cells from adult donors for transplantation of middle-aged or elderly patients with hematologic disorders who often have co-morbidities. In contrast, a study of 36 patients under the age of 50 who had advanced hematologic malignancies with a disease risk of low or intermediate resulted in a nonrelapse mortality of 8.3%, and only one patient developed mild chronic graft-versus-host disease (personal communication, Dr. Koen van Besien).
If one selects for transplantation young HIV-infected patients with no co-morbidities, the adverse effects are significantly reduced. Since estimates indicate that there are about 37 million HIV infected patients in the world, finding significant numbers of young patients with no comorbidities can be expected to be no problem.
f. Lack of availability of cord blood CCR5-/-units and lack of evidence that such units inhibit HIV infection. The question arises as to the availability of CCR5-/-cord blood units and whether there has been any experience in their use. An inventory of >200 CCR5-/-cord blood units has been established at StemCyte Cord Blood Bank in Baldwin Park, California after testing units provided by various cord blood banks in the U.S. as a well as StemCyte's own units. Also, an additional inventory of approximately the same size has been developed in Europe. Two hematopoietic cell transplants using cells from the StemCyte inventory have been performed and the results have been published (7, 8) . Dr. Rafael Duarte in Barcelona transplanted a patient who had an aggressive lymphoma and HIV infection. The patient received a haplo/cord transplant using a CCR5-/-cord blood unit. Following transplantation, plasma HIV DNA load was undetectable by ultrasensitive analysis and upon cord blood full chimerism, the patient's peripheral blood cells were resistant to infection in vitro by the patient's viral isolate and by laboratory adapted HIV strains (7) . Another CCR5-/-unit was inadvertently used as part of a double cord blood transplant for a patient with acute myelogenous leukemia who did not have HIV infection (8) . The fact that one of the units used was CCR5-/-was determined only after transplantation had been undertaken. After engraftment, chimerism studies indicated that the "winning unit" was the CCR5-/-unit and the patient's peripheral cells were resistant to HIV infection in vitro. Unfortunately, both patients died as a result of a recurrence of their underlying hematologic malignancies several months following their transplant and this prevented definitive evaluation of a possible cure. Nevertheless, these data g. Inability to use cord blood stem cell hematopoietic cell transplantation in a significant number of patients. It may seem that an inventory of several hundred cord blood units would not be of much significance in the cure of HIV infection. However, it should be noted that the National Marrow Donor Program has at least 296,000 cord blood units in its inventory (personal communication, Donna Regan). If a cure of HIV is obtained with a cord blood unit as a "proof of principle" certainly some of the billions of dollars expenditure by the U.S. Government in combating the HIV/AIDS epidemic could readily be transferred to expanding the inventory of CCR5-/-units available. Other sources of financial support would also likely be available to identify many more CCR5-/-units and thus provide a cure for a reasonably large number of patients.
h. A rigidly held opinion that hematopoietic cell transplantation is too dangerous to be used as a cure of HIV infections. Although all of the above are significant, the major reason that cord blood units have not been used for cure of HIV infection is the rigidly held opinion in the U. S. that transplantation with CCR5-/-cells to cure HIV in patients who do not have an underlying indication for a transplant, such as leukemia or lymphoma, should not be performed. This opinion proposes that the adverse effects of hematopoietic cell transplantation are too severe, and antiretroviral drugs provide effective suppression of the clinical aspects of HIV infection even though it is known that there have been no cures of HIV.
Such a concept needs detailed scrutiny. One must consider the adverse effects of long-range HIV infection in the antiretroviral era. Published data (9) indicate that patients with long-term HIV infection even in this antiretroviral era have a risk of developing non-Hodgkin lymphoma that is 24.2 times greater than the general population. The risk of Hodgkin lymphoma is increased nearly 15-fold greater than in non-infected individuals. Patients also remain at increased risk of acute leukemia, myelodysplastic syndromes, and cancers of the aeropharynx, lung, bladder and gastrointestinal tract (9) . There is, however, speculation that modern antiretrovirals will prevent such adverse effects of long-term HIV infection although there are no published data or unpublished data to support such speculation. Also to be taken into account are data, reviewed above, which indicate that the adverse effects of haplo/cord blood transplants of young patients who have no co-morbidities using reduced intensity conditioning has far fewer significant side effects than has often been stated.
i. Ignoring the significance of stigma and individual patient's expressed desires. Two further points are of major significance but are generally ignored. One point is the serious stigma associated with HIV infection. This can lead to severe depression and the impact on the quality of life can be dramatic (10) . Indeed, published reports indicate that people living with HIV live in constant suffering, and many HIV infected patients feel that they have a new life characterized by the constant fear of stigmatism with serious consequences to individual and social development (11) . Indeed, one such person stated, "It was the greatest impact I have ever experienced. I lost the joy from my life, and it was the most soul-wrenching thing that has ever
